






on erosion rates, water quality, and
biological communities on the near
shore waters of Lake Superior.
Matching funds must be applied for and
the results reported to the legislative
commission on Minnesota resources.

(g) County-Level Groundwater Data
Management

$ 43,000 $ 43,000

The appropriation is to the Minnesota
geological survey to provide tools and
training to counties that want an
enhanced capability to use the
computerized county well index in local
water planning.

(h) Chemical Transport in Groundwater
$150,000$150,000

The appropriation is for the civil and
mineral engineering department to
develop, test, and implement
interactive models to simulate
groundwater transport of chemicals.

(i) Lake Aeration Techniques and
Hydrologic Forecasting

$414,000 $414,000

The appropriation is for the St.
Anthony Falls Hydraulics Laboratory to
conduct engineering and hydraulics
research in three water resource
areas: (1) $338,000 to optimize lake
aeration techniques; (2) $440,000 to
develop forecast methods for:
groundwater, hydropower effects on
water quality, operation of wastewater
treatment ponds, and for ice-induced
flooding: and (3) $50,000 to test
several new techniques for measurement
of ice in rivers and lakes.

(j) Wetland Plant Communities
$ 45,000 $ 45,000

The appropriation is for the College of
Natural Resources for research to
identify the optimal mix of plants that
remove nutrients from wetlands. A
grant application must be submitted to
the National Science Foundation and the
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Environmental Protection Agency to
supplement this appropriation and the
results reported to the legislative
commission on Minnesota resources.

(k) Water Filter for Iron Removal
$ 14,000 $ 14,000

The appropriation is to the Institute
of Technology for the development of a
cost-effective membrane system for
removing iron from water so the
processed water can be used in a
variety of industrial and domestic
situations where high iron content is
undesirable. A grant application must
be submitted to the National Science
Foundation to supplement this
appropriation and the results reported,
to the legislative commission on
Minnesota resources.

(1) Simulation of Future Forestry
Economy

$ 50,000 $ 50,000

The appropriation is to the College of
Natural Resources to develop methods
and evaluate opportunities for
supporting forest land economic
development in Minnesota from a
statewide strategic viewpoint.

(m) Oak Wilt Research
$ 44,000 $ 44,000

The appropriation is to the College of
Natural Resources for research aimed at
biological control of oak wilt using a
special fungus, improvement of root
barriers to limit spread of the
disease, and an educational program on
how best to control oak wilt. If this
work results in a patent and subsequent
royalties, the university shall repay
50 percent of the royalties received,
net of patent servicing costs, until
the entire appropriation is repaid,
into the Minnesota future resources
fund.

(n) Lignin-Based Engineering Plastics
$ 54,000 $ 54,000
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The appropriation is to the College of
Natural Resources for fabricating
engineering plastics based upon
industrial by-product lignins and
corresponding raw materials from wheat
straw. If this work results in a
patent and subsequent royalties, the
university shall repay 50 percent of
the royalties received, net of patent
servicing costs, until the entire
appropriation is repaid, into the
Minnesota future resources fund.

(0) High Flotation Tire Research
$ 20,000 $ 20,000

The appropriation is to the College of
Natural Resources in cooperation with
the Mille Lacs Area Community
Development Corporation for a grant to
study the impact' of high flotation
tires on soil and regeneration of aspen
and evaluate the economic feasibility
of installing and using this equipment.

(p) Aquaculture Development and Education
$100,000 $100,000

The appropriation is to the College of
Natural Resources for development of
aquaculture demonstration projects and
education.

(q) Sonar Measurement of Fish Population

$ 30,000 $ 30,000

The appropriation is to the College of
Biological Sciences to develop
electronic procedures for measuring the
abundance of fish in lakes and for
preparing lake maps.

(r) Accelerated Soil Survey
$600,000 $600,000

The appropriation is to the
agricultural experiment statiqn for the
seventh biennium of a seven-biennium
effort to provide the appropriate
detailed survey based on the adopted
federal, state, and local cost share.
It may be spent only in counties where
the survey was under way or the
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agreement signed and survey scheduled
by July 1, 1988.

(s) Test Emissions from Densified-RDF
$ 75,000 $ 75,000

The appropriation is to the Natural
Resources Research Institute to study
emissions at the bench scale from
incinerated densified refuse derived
fuel and to develop baseline combustion
data.

(t) Peat for Containment of Municipal
Incinerator Ash

$ 75,000 $ 75,000

The appropriation is to the Natural
Resources Research Institute to work in
cooperation with the pollution control
agency and the department of natural
resources to design a passive
containment system for municipal
incinerator ash using peat. The
institute must apply to the Minnesota
Waste Management Association for
financial support.

(u) Evaluation of Peat in Poultry Waste
Treatment

$ 65,000 $ 65,000

The appropriation is to the Natural
Resources Research Institute to develop
environmentally sound treatment methods
utilizing peat for the disposal and
recycling of poultry wastes and to
integrate these processes into manure
management systems.

(v) Urban Gardening Program
$ 45,000 $ 45,000

The appropriation is to the Minnesota
extension service in cooperation with
the Minnesota state Horticultural
Society and the Self Reliance Center to
provide gardening information and
technical assistance in community
gardening.

Subd. 12. State University Board

The amounts that may be spent from this
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appropriation for each activity are as
follows:

(a) Groundwater Quality Assessment
Procedure

$ 45,000 $ 45,000

The appropriation is for Bemidji state
university to develop a procedure for
the assessment of regional groundwater
quality based on the usual sources of
available groundwater data in the
Mississippi headwaters region.

(b) Pilot County Groundwater Mapping
$170,000 $170,000

The appropriation is for. Mankato state
university to develop a groundwater
atlas and information system for 13
counties to be used as a tool for state
and local government and provide
education on groundwater.

Subd. 13. Contingent Account

This appropriation is for acquisition
or development of state land or other
projects that are part of a natural
resources acceleration activity, when
deemed to be of an emergency or
critical nature. This appropriation is
also available for projects initiated
by the legislative commission on
Minnesota resources that are found to
be proper in order for the commission
to carry out its legislative charge.

This appropriation is not available
until the legislative commission on
Minnesota resources has made a
recommendation to the legislative
advisory commission regarding each
expenditure from the account. The
legislative advisory commission must
then hold a meeting with the governor
and provide its recommendation on each
item, which may be spent only with the
approval of the governor.

Subd. 14. Compatible Data

During the biennium ending June 30,
1991, the data collected by projects
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funded under this section that has
common value for natural resource
planning must be provided and
integrated.into the Minnesota land
management information system's
geographic and summary data bases
according to published data
compatibility guidelines. Costs
associated with this data delivery must
be borne by the activity receiving
funding under this section. This
requirement applies to all projects
funded under this section, including
but not limited to, projects under
subdivision 3, clauses (c), (e), (g),
(h), (k), (r), and (t), subdivision 4,
clauses (a) and (b), subdivision 5,
clauses (a) and (b), subdivision 7,
clause (a), subdivision 8, clause (h),
subdivision 9, clause (c), subdivision
10, clauses (a), (g), (h), and (r),
subdivision 11, clause (b).

Subd. 15. Work Programs

It is a condition of acceptance of the
appropriations made by this section
that the agency or entity receiving the
appropriation must submit work programs
and semiannual progress reports in the
form determined by the legislative
commission on Minnesota resources.
None of the money provided in this
section may be spent unless the
commission has approved the pertinent
work program.

Subd. 16. Complement Temporary

Persons employed by a state agency and
paid by an appropriation in this
section are in the unclassified civil
service, and their continued employment
is contingent upon the availability of
money from the appropriation. When the
appropriation has been spent, their
positions must be canceled and the
approved complement of the agency
reduced accordingly. Part-time
employment of persons is authorized.
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SUMMARY OF RESEARCH PROJECTS COMPLETED IN PREVIOUS BIENNIUM
(Period ending June 30, 1989)

These projects were snpportedby the
HLnnesota Future Resources Fund (MS 116P.13)

Glacial Drift Geochemistry for Strategic Minerals •.••..••••• 72

M T " "t 73ercury OX1C 1. y .

Biological Control 74

Optimization of Winter Lake Aeration Methods ..•.•••.•.•.•••• 76

Gas Permeable Membrane Water Treatment .•..•••.\.•••.•••••••.. 78

Elimination of Dioxins in Bleached Kraft Pulp .•.•.•••.•.••.• 79

Engineering Solutions to Water Problems •.•..•.••••.••••.••.• 80

Groundwater Quality 83

Simple Water Assay ~.. 85

Biomass Cash Crop Nursery.....•.••.......•.•••••....•.•...•• 86

Undrained Peatlands for Short Rotation Forestry.........•..• 88

Compost and CoCompost Research•.....•.•.•.•.••.....•••••...•89

Gamefish Growth Enhancement •......•.•...••••.••.•..••.•••.•. 90

Evaluation of Mosquito Control ..•.•••.•....•.•..•.•.•.•.••.• 91

Biotechnology Applications in Forestry.....•..•.•••.•••..•.• 92

Sludge Ash Pilot Project .•.••..•.•.•..•••.........•..•.•.••• 93

Non-Energy Peat Development ..........•...•....•.••..•.••.... 94
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Glacial Drift Geochemistry for Strategic Minerals
Program Hanager: Marty Vadis (612) 296-9565
Project Geologist: Richard Buchheit (218) 262-6767

Department of Natural Resources, Division of Minerals
M.L. 1987, Chp. 404, Sec. 30 Subd. 31
$196,000

DNR Minerals Division has performed an orientation geochemical
survey on a reconnaissance scale by sampling appropriate types of
glacial drift over the Duluth Complex, primarily for the strategic
metals of chromium, cobalt, and platinum group elements. The
objective was to evaluate the usefulness of new combinations of
evaluation techniques targeted at the strategic metals in this
glacial drift covered terrain and to build upon current industry
exploration interest in·. the area. Techniques for the platinum
group minerals are very new, with Iittle information in the
literature, so this survey has been on the leading edge. Areas
were selected to test the methods, based on recent work including
the LCMR-funded MGS aerogmagnetic survey and core repository
programs, surveys of rock-chemistry, lake sediments, peat bogs,
eskers and MRRC chrome and platinum evaluations. Recent technical
advances in assaying platinum group elements have permitted direct
analysis of glacial drift samples to a background platinum
detection level of ten parts per billion. DNR has chemically
analyzed samples of specific types of glacial drift for trace
amounts of strategic metals and geochemically mapped their
distribution. MGS was contracted to fulfill certain aims of the
program. The data generated includes geochemical maps, bedrock and
glacial geology, and other support information which has been added
to the digital database developed through LMIC by MGS and DNR for
Minnesota geology and mineral potential evaluation.

Publication on file at Legislative Reference Library: Glacial
Drift Geochemistry for strategic Minerals; Duluth Complex, Lake
County, MN DNR Division of Minerals Report #262 1989
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Mercury Toxicity
Program Manager: Marvin Bora
(612) 296-7215

Pollution Control Agency - Divison of Water Quality
M. L. 1987, Chp. 404, Sec. 30 Subd. 4e
$294,000

A study assessing mercury contamination in Minnesota waters
concluded that atmospheric deposition is responsible for most of
the mercury found in Northeastern Minnesota lakes. Findings also
stated that mercury levels were increasing two to five percent per
year in sediments and fish, and that lake water chemical conditions
affected fish mercury concentrations. Because high mercury
concentrations in fish were found in lakes where zooplankton are
high in mercury, it is clear that the structure of the food web is
important in determining levels and locations of bioaccumulation.
The mercury concentration of zooplankton is, in turn, correlated
with other factors including lake-water mercury concentrations, pH,
and zooplankton density. The report, while recognizing that
controlling mercury sources to the atmosphere may require national
and international solutions, recommends that in-state contributions
be identified, quantified and controlled.

Publication on file at Legislative Reference Library: Assessment
of Mercury contamination in Selected Minnesota Lakes and Streams.
Includes Executive Summary.

Current LCMR Funding for further evaluation: M.L. 89 Ch. 335 Art.
1 Section 29, Subd. 4(c)
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Biological Control
Program Manager: Dr. Dharma Sreenivasam (612) 296-1350

Department of Agriculture, Plant Industry Division
M.L. 1987, M.S. Chapter 404, Section 30, Subd. 6(a)
$480,200

Develop natural enemies needed to control several plant and animal
pests as an alternative to pesticides; a cooperative research
effort between the Minnesota Department of Agriculture and the
University of Minnesota Entomology Department.

MDA European corn borer (ECB) larval collections, 2,258 larvae from
47 counties yielded 7 Eriborus terebrans, 13 Macrocentrus grandii,
1 Sympiesis viridula and 1 Eumea caesar; 513 were dead from
diseases and unknown causes, and the balance of 1,723 pupated and
emerged as moths. MDA lab is now capable of producing 187,000+ ECB
egg masses and reared 600,000+ Trichogramma (egg parasitoid) in a
single season's release.

Determined the composition of the natural enemy fauna of European
corn borer egg masses in Minnesota and discovered a naturally
occurring egg parasitoid,Trichogramma minutum. Conducted three
releases ofT. nubilale at an organic sweet corn farm, and observed
>50% parasitism during a six day period. Established two colonies
of Trichogramma spp. and improved the quality of one colony, and
determined several factors that affect parasitism rates. Completed
plans and some construction on the insect rearing facility, and
developed a monitoring system to rear European corn borers without
disease.

Lab and field experimentation was initiated to evaluate corn
rootworm biological control in Minnesota by the nematode
Steinernema feltiae and the fungus Beauvaria bassiana. Bioassay of
western corn rootworm with the nematode for the lab indicated an LD
50 (lethal dose required to kill 50 percent of test insects) of 34
nematodes per insect. Field testing at 50 and 200 nematodes per
foot of corn plant row began on June 21 at Rosemount Experiment
Station. These will be compared with an untreated check and a soil
insecticide (terbufos). Field performance of fungal spores at 10,
20 and 30 pound rates is being evaluated against the corn rootworm
and compared with an untreated check and a soil insecticide
(chlorpyrifos).

Two of the seven parasitoids were investigated for overwintering
survival and parasitization rates. More parasites survived over
winter to attack in spring if fall manure was stored indoors.
Nasonia vitripennis survived a little better (30%) indoors. Date
of placement did not affect overwintering survival. In contrast,
Muscidifurax zaraptor survived much better (70%) indoors.
Furthermore, chance of surviving seemed related to date of
stinging; the earlier, the greater the survival indoors.
Parasitism rates were statistically equivalent (P>O. 05) indoors and
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outdoors for the two dates , October 21-25 and November 3-8,
whereas parasitism was higher indoors than outdoors in both October
25-28 and November 14-17 batches. These findings suggest
conservation of M. zaraptor might be affected by storage of fall
exposed hosts indoors, provided they have developed beyond egg and
initial larval stages.

New isolates of microbial (protozoal, fungal and bacterial)
pathogens of the European corn borer were collected from 14
counties in Minnesota. They were identified and cryopreserved for
future studies. Methods for producing two protozoa, Nosema and
Vairimorpha, in the laboratory were developed. The pathogenicity
of these laboratory produced microorganisms for the corn borer was
confirmed using bioassays. Biochemical tests were done to
characterize the DNA and proteins that will be used as markers when
the field efficacy of these corn borer pathogens is determined.

LCMR continued funding in the current biennium - M.L. 89 Ch. 335,
Art 1, Sec. 29, Subd. 8 (b).
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Optimization of Winter Lake Aeration Methods
Program Manager: Dr. Hans Stefan
University of Minnesota

$96,040
H.L. 87, Chapter 404, Sec. 30 Subd. 8a

Design criteria and laboratory testing of a novel design concept
for a winter lake aerator were the focal points of activity. In
order to provide an oxygenated water refuge for fish in an ice
covered lake without destroying the ice-cover, the following
criteria were developed: (a) the water to be aerated must not be
withdrawn from the bottom of the lake because flow velocities
induced near the lake bed will increase oxygen demand very
significantly and therefore reduce the net benefit of lake
aeration, (b) the temperature stratified water layer below the ice
cover must not be withdrawn or destroyed by the aerator because
this will cause melting of the ice cover, and (C) as a consequence,
it is the water at mid-depth that must be aerated.

A system of water withdrawal and water reinjection that operates at
very low velocities and affects only the midsection of the very
weakly temperature stratified lake was designed. A 1:4 scale model
of the discharge diffuser/selective withdrawal device was built and
tested for velocity distributions in a laboratory channel. The
device, which in full-scale resembles a "sandwich" 12" thick, 8 ft
long and 4 ft wide, will withdraw and discharge water at 0.05 ft/s
velocity over its rectangular end-sections. Between intake and
discharge, the water is aerated by an enclosed system which can be
on land (eg, a cascade) or submerged in the lake (eg air bubble,
limnobag system). The selective withdrawal/intake system tested
well in water of uniform temperature. An experimental set-up was
subsequently constructed to test the water withdrawal and
reinjection system for the winter lake aerator in a temperature
stratified environment representative of conditions under an ice
cover. The experimental facility is a IS-ft. diameter tank in
which a controlled temperature stratification can be reproduced.
The facility has a cover representing an ice cover in a lake. The
tank is equipped with a termister chain system to monitor the
evolution of water temperature stratification in time. The
withdrawal and discharge diffuser worked well under design
conditions. For comparison, a regular manifold system was also
tested, and, as expected, found unsuitable. Additional tests were
conducted to determine the optimal placement in depth of the winter
aerator.

The new design concept was discussed with DNR staff on two
occasions and with their encouragement a plan for field testing was
developed. A prototype section is under construction.

The temperature stratification which is crucial for the functioning
of the aerator was documented in two different ways: (a) by
automatic recordings from a termister chain placed in Ryan Lake, a
small urban winter kill lake and (b) by synoptic water temperature
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profiling in 10 different lakes on two different periods. One
record provided the temporal variability, the others the spatial
variations.

Optimization of Winter Lake Aeration Methods
On file at the Legislative Research Library
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Gas Permeable .Membrane Water Treatment
Program Manager: M.J. Semmens, Ren Qin and A. Zander, Department
of Civil and Mineral Engineering, University of Minnesota
M.L. 1987, Chapter 404, Sec. 30, Subd. 8b
$171,500

The use of microporous polypropylene hollow fibers for separating
volatile organic .compounds from water was evaluated. The water was
pumped through the lemen of the fibers and organic free air was
pumped countercurrently on the outside of the fibers. The rate of
voe removal was modeled on the basis of known empirical
correlations and the experimental data compared favorably with
theoretical predictions.

The use of a membrane in the air stripping process offers a number
of potential advantages over conventional packed tower aeration,
including higher overall mass transfer coefficients (K La), a
reduced dependence of K La on gas flowrate, no upper limit on gas
flowrate that can be used, no need for mist elimination and no need
for tall structures.

Additional Federal research dollars have been secured and private
sector interest in commercial development is occurring.

Innovative water Treatment Process Research (formerly called Gas
Permeable Membrane Water Treatment) on file in the Legislative
Research Library.
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Development of Processes and Strategies for Elimination of Dioxins
Associated with the Manufacture of Bleached Kraft Pulp

H.L. 1987, Chapter 404 Sec. 30 Subd. 8c
$294,000

Program Manager: David J. Hladenoff (218) 720-4279, Natural
Resources Research Institute, University of Minnesota, Duluth

The project exceeded the expectations of the original plan in
compiling a database on dioxin contamination at targeted areas of
the state, both by compiling existing data from other sources
(MPCA, WIS, DNR, Ontario), consisting of over 300 samples, and 97
new samples collected and analyzed for this project. Priority
sample sites with verified dioxin contamination include the Rainy,
St. Louis and Mississippi Rivers, and· St. Louis Bay. All data will
be provided to PCA.

Biodegradation Experimental Studies

We have made significant progress according to our original planned
approach of 1) locating naturally occurring microbes which may
degrade dioxins and related compounds, and 2) developing the more
easily degradable related compounds which may assist the microbial
breakdown of dioxins. We were not successful in completing all the
objectives for the biodegradation studies, specifically in
demonstrating the degradation of dioxins in a laboratory pilot
study. We were successful in obtaining industrial sludge as
microbe source material, which has further unexploited value. We
have developed methods to synthesize the related analogue
compounds, and most significantly, shown that they are degraded in
our experiments. We believe that this is noteworthy progress and
that this remains a fruitful approach to the degradation of
dioxins. However, our work and that of others in the past two
years has shown that the dioxins are among the most difficult
compounds to degrade that exist.

Development of Processes and strategies for Elimination of Dioxins
Associated with Bleached Kraft Pulp on· file at the Legislative
Reference Library.
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Engineering Solutions to Water Problems
M.L. 87, Chapter 404, Sec. 30, Subd. 8d
St. Anthony Falls, Hydraulic Laboratory, University of Hinnesota
Department of Civil and Hineral Engineering

(This program has three individual programs and will be listed as
such.

(1) Effect of Ice on Flooding and Intake Problems in Hinnesota
$686,000

Ice covers on rivers affect runoff by additional resistance and may
turn into ice jams during snowmelt flood runoff. The collection of
field data, which can be transmitted to the international coalition
water planning process among others, analysis of ice resistance to
flood flow and ice breakup mechanics, and problems during spring
flooding have been undertaken. Studies have also been undertaken
to study the effects of natural and waste heat inputs on ice covers
and ice jams. The ice/flooding research has resulted in a better
understanding of the ice breakup process and its effect on flooding
in Minnesota's rivers. A computer model of winter ice formation
plus spring breakup has been developed based on the field data
taken near the Coon RapidsDain. The effects of waste heat from
powerplants on prevention of ice jams and safety have been
evaluated. The analysis and fieldwork will enable engineers to
identify the causes and potential solutions to ice jam problems in
Minnesota. The data collected under the field program will be used
in the development of the flood .prediction model. Recent advances
in research on river ice, furth~r research development and
application of this research to specific Minnesota problems can
alleviate the significant damage and economic loss which may be
attributed to river ice problems. The mathematical model developed
under this program will help more accurate spring flood forecasting
in Minnesota's river.

Year-round simulation of Hydrothermal Processes in Cold Climate
Lakes, by R. Gu and H. Stefan are available in the Legislative
Reference Library.

(2) Erosion and Deposition in Minnesota Rivers

The major objectives of the research program are embodied in two
Ph.D. theses, and are presented in two reports.

The first of these concerns the theory of river meanders, with
applications to rivers in Minnesota. A flexible model of meander
channel shift has been developed, verified and applied to six
stream reaches in Minnesota. The model is embodied in a computer
program that can be used to predict channel .. erosion. It is
intended that the model be made available to the interested public.

The second concerns the prediction of sedimentation in reservoirs
and the removal by means of sluicing. Experiments and field
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information were used to develop a numerical model for predicting
the rate and way in which a reservoir fills with sand. The same
model was used in reverse to predict sediment removal from dams by
the release of water from low sluice gates. This has actually been
tried on the Byllesby Reservoir in Minnesota. An example based on
the reservoir at Granite Falls on the Minnesota, which is actually
silted up, is presented.

(3) Pollutant Transport in Real (Heterogeneous) Aquifers

This research presents a methodology for an optimal design of
regional groundwater monitoring networks. The design of a
monitoring network consists of defining the number, location and
measurement frequency of observation wells. The groundwater
monitoring program is known to be an expensive, time consuming and
uncertain process. Of significant current interest is the problem
of developing a sampling plan which will yield information that
meets pre-specified criteria set by a decision maker and satisfies
budget constraints.

The proposed methodology demonstrates the design and analysis of a
regional groundwater monitoring network. The developed technique
combines three methods: (1) stochastic groundwater flow
simulation with first and second moment analysis to evaluate the
effects of parameter uncertainty; (2) variance simulation
algorithm for obtaining the variances of the piezometric level
estimates at the end of sampling horizon; (3) branch and bound
algorithm for solving the mathematical programming problem of
finding an optimal monitoring network alternative. A particular
attention is given to account for different sensitivity areas in
the regional network design. The sensitivity process reveals a
different degree of sensitivity for some areas based on future land
use and other local parameters related to groundwater management
policies. It becomes an important issue for an optimal groundwater
monitoring network design. The suggested procedure also provides
an optimal spatial and temporal sampling tradeoff. This spatial
and temporal consideration of the monitoring network enables a
decision maker to optimize a groundwater monitoring network
according to the monitoring budget and manpower availability.

The solution for the considered application is obtained from a
finite set of chosen network alternatives. The best one is
selected as a solution to the mathematical programming formulation.
The application results show that the optimal monitoring network
depends on the estimate of hydrogeological parameters and their
spatialvariability. Furthermore, the optimal network strongly
depends on the correlation structure of a water table prediction
error, which results from the high spatial variability of. the
aquifer parameters (hydraulic conductivity, storativity and
dispersivity) .

The developed and demonstrated methodology can be directly used as
a tool to design and analyze, in an optimal manner, a groundwater
monitoring network quantitatively and/or qualitatively for any site
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of interest.

Sununary Results on Research available at Legislative Reference
Library:

Theory of River Meanders. Ph.D. Thesis. and St. Anthony Falls
Project Report No. 278, Johannesson and Parker, November 1988.

Reservoir Sedimentation and Sediment Sluicing: Experimental and
Numerical Analysis." Ph.D. Thesis (complete) and St. Anthony Falls
Project Report, Hotchkiss and Parker, 1989.
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Groundwater Quality
Project Manager: Jim Anderson (612) 625-8209

University of Minnesota - College of Agriculture - Soils Dept.
M.L. 1987, Chapter 404 Sec. 30 Subd 8e

$155,000

Field research on the movement of nitrates and herbicides out of
the root zone and to the groundwater was conducted at the Rosholt
Water Quality Research Farm in eastern Pope County and the Steve
Lawler Farm in Olmsted County.

At the Rosholt Farm the soils are an irrigated coarse textured
Estherville loamy sand shallow to the regional watertable at 12
feet. The Lawler farm site has a permeable Port Byron silt loam
formed in materials 7 to 9 feet thick over creviced limestone
bedrock.

Results at the Lawler farm showed that for continuous corn
nitrogen (N) should not be applied in excess of recommended rates
and that it should not be applied in the fallon these kinds of
soil. Nitrate concentration in the soil water increase rapidly
where the rate of application is increased and when fall
application techniques are used.

Nitrogen management results at the Rosholt farm showed similar
results even though the soils are very different. There were corn
yield responses to increased nitrogen fertilizer rates. The higher
rates tended to have higher concentrations of nitrate-N in the soil
profile. Results show that recommended rates should not be
exceeded, nitrogen fertilizers should not be applied in the fall or
preplant. A sidedress or split application program should be
followed and a nitrification inhibitor may have some benefit.

These data were used and incorporated into the Regional Best
Management Practices (BMP's) that were drafted by the Nitrogen
Fertilizer Task Force. BMP's are being discussed in education
programs conducted by the Minnesota Extension Service and others on
a statewide basis.

These data indicated that future research should be directed toward
studies that investigate the effects of manure utilization and
legumes in the rotation (alfalfa, soybeans, and others) on the
movement of nitrates toward groundwater.

Research on herbicide (atrazine and alachlor) movement at these
same sites showed some significant results. Although results were
dependent on the amount of rainfall in a given year at a location,
some generalizations can be made. In general, at the Rosholt Farm.
atrazine was more persistent and found at deeper depths than
alachlor. There was no difference in herbicide ,movement under the
four tillage systems (chisel plow, moldboard, no-till and ridge
till) investigated.
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Results from the Lawler farm also showed no difference in movement
due to tillage. Atrazine was more persistent and found at deeper
depths than alachlor. At both locations up to 20 percent of
atrazine applied in one year carried over to the next year. There
was no significant carryover for alachlor.

General conclusions are that under day to day management conditions
trace amounts of atrazine can move through these soils toward
groundwater due to slower rates of decomposition.

The challenge for future field research on the movement of
herbicides will be to focus on the effects of reduction in the
amount of herbicides applied, such as through banding applications
and evaluating alternative weed control methods.

Clean Water - Everybody's Concern: Herman Rosholt Water Quality
Research Farm by Jim Anderson - Minnesota Extension Service,
University of Minnesota. Available at the Legislative Reference
Library.
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Simple Water Assay
Program Manager: Robert E. Carlson (612) 448-4337

University of M1nnesota, Gray Freshwater Biological Institute
H.L. 1987, Chapter 404 Sec. 30 Subd 8f

$49,000

This program attempted to develop a low cost and readily useable
test to detect various water pollutants by the development of .
Colorimetric Methods to detect the presence of selected heavy
metals, chlorinated industrial solvents and selected herbicides.
This project was not successful in reaching its objectives.
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Biomass Cash Crop Nursery
Project Manager: Wendell Johnson

University of Hinnesota, Crookston
Office of Biomass Research

H.L. 1987, Chapter 404, Section 30(1)
$180,320

The Biomass Energy Cash Crop Project advanced research and
development of SRIC (short rotation intensive culture) through the
completion of activities in five principal areas, including:

1. Development and harvest of farm scale stands of hybrid poplar.
2. Studies of productivity of woody biomass.
3. Combustion testing in residential, commercial and industrial
scale combustion systems.
4. Study of the potential markets available for woody biomass
crops.
5. Economic analysis of the total production system.

The project's objectives were to:

1. Manage the established research and demonstration plantation
near Oklee, MN to further the research started there.

2. Produce planting material of hybrid poplar for growers who are
interested in establishing nurseries for production of cuttings for
larger acreages.

3. Provide the services of a University of Minnesota, Crookston
SRICTechnician to work with cooperating growers in their nursery
and plantation establishments.

4. Develop extension informa.tion for production of hardwood
biomass in wet mineral and organic soils.

5. Conduct periodic economic and market analyses and disseminate
information to growers and consumers.

6. Demonstrate the soil conservation benefits of hybrid poplar
trees.

7. Establish research and demonstration plots at Lamberton and
Waseca, to screen clones for adaptability to south central and
southwest Minnesota.

Conclusions:

The Program successfully completed the activities proposed for the
project and was able to adapt to immediate demands brought about by
the Conservation Reserve Program and changes in expectations
regarding future markets. Although the establishment of nurseries
became relatively less important than originally expected, the
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experience gained in assisting growers in the establishment of
field-sized plots has improved the ability of the project
participants to transfer SRIC practices to growers. The project
team's efforts in working with the panelboard industry and the
identification of slurry fuels as a use for SRIC materials will
help to insure that viable markets are available in the future. '

In summary, the following areas of hybrid poplar growing or farming
have been developed or advanced in this project:

*

*
*

*
*
*

*
*
*
*
*
*

Application of minimum or no-till site preparation in addition
to traditional tillage

Herbicide application and rates
Soil nutrient testing protocol
Fertilizer application timing
Levels of weed tolerance
Use of grass buffer strips
Recommended clones for Northwest, North Central, Southwest and

Southern Minnesota
Preparation, storage and sizing of cuttings
Tree planter modification for various soil preparation methods.
Establishment of procedures to incorporate the benefits of the

CRP in production plans
Reclamation of SRIC utilized lands
The use of using hybrid poplars for controlling erosion

Biomass Cash Crop Nursery Establishment Program - Final Report is
Available at the Legislative Research Library.
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Undrained Peatlands for Short Rotation Forestry
Program Manager: William E. Berguson

University of ~nnesota, Duluth
Natural Resources Research Institute
$113,680
M.L. 1987, Chp 404, Sec 30 Subd 8 (i)

This project had two research goals - plantation establishment and
economic analyses. With the purpose of this project to determine
the potential to establish SRIe (short rotation intensive culture)
plantations on undrained peatlands, study plantations were
established at the Fens Research Facility, a 500 acre peatland
administered by the NRRI. Based on initial results of clonal
screening studies at this site, four clones were chosen for use in
these studies, two willow and two hybrid poplar. Using a variety
of plant material, the effect of mounding on a genus more adaptable
to poorly drained conditions (willow) and one less adaptable to
these conditions (poplar) could be compared.

Based on results of research to date, the potential exist!5 to
successfully establish short rotation forests on undrained
peatlands using mounding techniques. Plantations of hybrid poplar,
in particular, are positively affected by mounding. Also, results
of soil moisture analyses show that these plantations are
significantly impacting the drainage of the site even at a
relatively young stage of the plantation. The narrow drainage of
these sites is likely to increase in direct proportion to the
development of the forest canopy.

Undrained Peatlands for Short Rotation Forestry is available at the
Legislative Reference Library.
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Compost and CoCompost Research
Program Manager: Thomas R. Halbach (612) 625-3135
University of Minnesota, Department of Soil Science

H.L. 1987, Chap. 404, Section 30, Subd. 8j

$171,500

compost for greenhouse production of bedding plants was evaluated.
The results of this research indicate that solid waste composts may
differ substantially from one another in character. The most
appropriate use for each compost will depend upon its
characteristics. Decisions regarding suitability of composts for
use in the production of greenhouse crops should be made on an
individual basis.

A study of nitrogen mineralization from municipal solid waste
compost was conducted. This study suggests that water soluble
carbon may be a more useful compost management tool than total
carbon when trying to balance the initial carbon/nitrogen ratios of
compost.

An educational package was developed which includ~s an 18 minute
video tape that demonstrates how to conduct an earthworm bio-assay
for determining the stability and toxicity of compost. A fact
sheet was also written to go with the video to help people conduct
this bio-assay on their own.

The following is available at the Legislative Reference Library:

Evaluation of Solid Waste compost As A Medium Amendment For
Greenhouse Production of Bedding Plants

Nitrogen Mineralization from Municipal Solid Waste Composts, M.T.
Martindale, C.E. Clapp, J.A.E. Molina nd M.P. Russelle

Testing Compost for Toxicity: The Earthworm Method, J.E. Zachman
and J.A.E. Molina, July 1989
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Gamefish Growth Enhancement
Program Manager: Anne R. Kapuscinski (612) 624-3019
University of Minnesota, Department of Fisheries and Wildlife

H.L. 1987 Chapter 404 Sec. 30 Subd. 8k
$630,140

We have successfully inserted two model genes (one into northern
pike and walleye and one into goldfish) and growth genes into
northern pike, trout and walleye. The growth genes used in our
most recent experiments (Spring 1989) are derived from salmon. Our
results demonstrate that the inserted genes are expressed in the
fish tissues. The data on growth of the northern pike shows that
the fish containing inserted growth genes are growing significantly
faster than the controls. Finally, we have constructed DNA
"cassettes" that are derived entirely from fish DNA. In addition
to aiding the insertion of growth genes into fish, these
"cassettes" significantly increase the levels of transferred gene
expression compared to non-fish cassettes used in the past.

Gross, M., J. Schneider, N. Moav, C. Alvarez, S. Myster, Z. Liu, C.
Hew, E. Hallerman, P.S. Hackett, K.S. Guise, A.J. Faras and A.R.
Kapuscinski. Molecular analysis and growth evaluation of northern
pike (Escox lucius) microinjected with growth hormone genes.
Aquaculture: Submitted December 1990. Will be available at the
Legislative Reference Library - spring 1991.
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Evaluation of MOsquito Control - Activities on Waterfowl
Program Manager: James A. Cooper (612) 624-1223
University of Minnesota, Department of Fisheries and Wildlife

M.L. 1987, Chp. 404, Sec. 30, Subd. 8 (1)
$117,600

1. We investigated the potential effects of mosquito larvaciding
using methoprene briquets on brood rearing in mallard ducks (Anas
platyrhynchos) •

2. Results from experiments using divided wetlands suggest that
treatment of wetlands with methoprene briquets may affect the
growth and behavior of mallard ducklings. Broods on methoprene
treated wetlands moved greater distances per day than controls.
Growth of the first duckling experimental group on the wetlands
appeared to be suppressed by treatment at the age of 5 days, while
growth of the second experimental group was not affected.
Methoprene also may change patterns of habitat use and behavior in
ducklings.

3. We found no statistically significant effect of methoprene
briquets on densities of either benthic invertebrates or emerging
insects.

4. Our results suggest that the efficacy of the methoprene briquet
may have been low in these types of marshes. Possible reasons
include the potential effects of high organic wetland bottom
conditions on the efficacy of the briquets.

5. Further research is necessary to evaluate potential effects of
methoprene and other mosquito larvacide treatment of wetlands on
brood rearing in mallard ducks, particularly if the methoprene
delivery protocol is shifted from briquets to more effective
techniques. Culicid bioassays or chemical analyses or both must be
included in future experiments to determine whether the control
technique effectively delivers methoprene.

Mallard Duckling Growth and Behavior in Methoprene Treated Wetlands
is available at the Legislative Research Library.
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Biotechnology Applications in Forestry
Project Manager: Carl Hahn (624-7281)
College of Natural Resources, U of M

$164,460

M.L. 1987, SSI Chap 404, Sec 30, Subd 8 (q)

The project focused on two areas: 1) the development of tissue
culture and micropropagation techniques for Minnesota's conifers
and 2) the biodegradation of lignin.

Progress in the first area includes: Development of an improved
micropropagation system for white pine. Under this system a single
embryo can be used to produce up to 250 plants. This "cloning"
technique will be used in the selection and multiplication of
genetically superior trees. A long-term objective is the
development of white pine strains resistant to blister rust, a
serious disease in parts of Minnesota. Additional progress was
made in the development of systems for "cloning" mature white pine
and in developing screening techniques for blister rust resistance
in the laboratory. Success in these areas will dramatically
increase the effectiveness of genetic improvement work with white
pine.

Tissue culture based on propagation systems for white and black
spruce are not yet efficient, but were greatly improved. When
fully developed, they will reduce the time required to incorporate
improved strains of these species into planting programs.

The biodegradation of lignin component of this project focused on
the utilization of naturally ocurring fungi and the enzymes they
produce to modify paper mill waste. An eventual outcome of this
line of research could be the conversion of these wastes/pollutants
to useful industrial chemical feedstocks. A strain of fungus which
completely degraded lignin was isolated. Conditions under which
the fungus could survive and degrade Kraft lignin were defined in
order to facilitate the isolation and characterization of the
enzyme(s) involved. ,The presence of a lignin degrading enzyme(s)
outside the fungus was confirmed. However, complete isolation of
the enzyme was not achieved. The identification of the fungus
strain, its partial characterization and the development of culture
technique may contribute to the eventual utilization of lignin
byproducts.

(To be published 1991) Plantlet Multiplication from White Pine
(pinus strobus L) in EmPryos in Vitro in Plant Cell Tissue and
Organ Culture. Chesick, E.E., Kohn C.A., Hackett, W.P.
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Sludge Ash Pilot project
Project Manager: K.J. Reid (612) 625-3344
University of Minnesota, Mineral Resources Research Center

$196,000

M.L. 1987, Chapter 404, Sec. 30 Subd. 8 (r)

The environmentally acceptable ultimate disposal of the sewage
sludge ash residues produced at the Metro plant of the Metropolitan
Waste Control Commission (MWCC) is a matter of considerable
regional concern. University research has identified a potential
route to process the ash into a sintered lightweight aggregate with
structural properties equal to or better than currently used
materials.

Product testing has indicated that the highest quality products are
produced from 100% sludge ash and that the sludge ash/waste lime
mixtures have decreasing properties as the lime content increases.
However, pellets with approximately 50/50 mixtures were of
sufficient strength to meet some lightweight concrete standard
specifications. The . ability to increase product tonnage by
blending with other wastes is important to improve overall
economics. Capital and operating cost estimates combined with
current disposal costs indicate that the production of sintered
lightweight aggregate would not be economically viable with the low
tonnages available even with the two fold increase potentially
available by blending.

Production of Lightweight Aggregates from MWCC Sludge Ash, December
89: Principal Investigators: Javed I. Bahtty, Marion J. Murawa,
Kenneth J. Reid, Director - on file at the Legislative Reference
Library
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Non-energy Peat Development
Program Manager: Steven A. Spigarelli (218) 755-2910
Bemidji State University, Center for Environmental Studies

M.L. 1987, Chapter 404, Sec. 30 Subd 9a

$98,000

Peat Waxes as Commercial Products

Waxes and bitumens were extracted from Minnesota peats before and
after various other treatments. Yields and quality of extracted
waxes/bitumens vary considerably due to these procedural
differences and provide numerous products with various potential
applications in industry. Samples of these wax and bitumen
products are being tested for specific industrial applications.
This research has provided information needed to optimize yields
and quality of bitumen products, and to give technical support for
the initiation of a wax production facility.

Expand Studies of Other Non-energy Uses for Peat

Plant Growth Stimulants:

Our studies have investigated the horticultural properties of whole
and extracted peats, as well as peat fractions. Generally, whole
and dewaxed peats are equally good horticultural media, while
dehumified peats support significantly less plant growth. Humic
fractions extracted from peat and added to planting media
significantly increase plant growth. This indicates that various
peat derivatives have potential for being developed into specialty
horticultural products, and that whole peats can be processed to
produce waxes, horticultural products and other useful products.
A paper summarizing results of studies of the effects of liquid
peat extracts on plant growth was presented at the 3rd
International Peat Symposium, hosted by Bemidji State University,
May 16-19, 1989.

TOXicity of Wet Carbonization Filtrates

If a peat fuel industry should develop in Minnesota, it is likely
that peats will be wet carbonized to increase BTU content and
decrease water content. Wet carbonization also increases the
effective yield of bitumens and waxes from peat. However, the
wastewater (filtrate) resulting from wet carbonization has been
shown to be very toxic and has a high oxygen demand, necessitating
treatment prior to disposal. We have studied this wastewater with
the goal of identifying the toxic components and developing
economical techniques for treatment prior to disposal.

Microbial Treatment of Peat

These studies have focused on microbial treatment of wet
carbonization filtrates and production of useful products through
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microbial conversion of peat. The high concentrations of organic
compounds in peat filtrates, which cause the high BOD/COD values,
have been effectively reduced using various biodegradation schemes.
Microbes that are indigenous to peat are very effective at
degrading the organic load in peat filtrates; however, the toxicity
of filtrates is not reduced by these biological treatments.
Studies of microbial conversion of peat to useful products have
continued with emphasis on protein and ethanol. In addition to
previous methods using commercially available microbes, we have
tested various species native to local peatlands. Some of these
organisms are very effective at degrading peat and producing useful
products.

Waste Treatment Media

The purpose of these studies is to evaluate whole and modified
peats as sorbent materials that could serve as waste treatment
media. Whole and dewaxed peats are equally effective at removing
cationic heavy metals (Cu+2, Cr+3), while wet carbonation reduces
the ca~ion exchange capacity of peat by reducing the number of
functional acid groups. Batch and column tests indicate that whole
and dewaxed peats have somewhat lower cation exchange capacities
than synthetic resins, but the lower cost advantage of peat is
significant.

A report summarizing results of these
3rd International Peat Symposium,
University May 16-19, 1989. This
Legislative Reference Library.
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